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A brief review on frictional pressure drop reduction studies for laminar and turbulent
Introduction 44 45
Due to their compact design, ease of manufacture and high efficiency in heat and and Bhattacharyya (1973) who investigated the DR to a submersible hull. As summarised in 110 Table 1 , Shatat et al. (2009a&b) were the first to investigate DR with the injection of air 111 bubbles in laminar and turbulent low through helically coiled tubes. They reported a 112 diminished DR efficiency (Eq. (4)) over that of straight tubes. Such results were more 113 significant with higher curvature ratios whilst, the DR increased with higher air volumetric 114 void fractions (VF) and decreased with higher Re numbers (Fig. 2) . Moreover, DR was where f l is the Fanning friction factor for single-phase flow and f tp is the friction factor for 122 two-phase flow.
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For a straight vertical pipe, Fujiwara et al. (2004) reported that, with a high VF in the 
137
These studies are in a general agreement with relevant theory and numerous DR to the formation of the secondary flow which is largely unaffected by the surfactant additive. 
where lm refers to the laminar flow of the base fluid (without the DR additives) at the same
175
Re number and tb refers to the turbulent flow of the base fluid. 
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At laminar flow conditions, Weber et al. (1991) resulting from the flow-induced anisotropicity of the highly structured micelle network. 
228
The effect of elevated temperatures on the DR of polymers in coiled tubes was 229 investigated by Gallego and Shah (2009) Due to a reduction in the mixture density, higher VF yields lower pressure drops, shear stress and friction coefficient. 
Surfactant solutions & Foam fluids

65<Γ<98
The secondary flow effect (vortex roll) of the foam fluid is smaller than that of water. 
Polymer solutions
Conclusions
246
The studies reviewed have demonstrated that, due to the secondary flow, which 247 increases with curvature, DR in coiled tubes is diminished when compared to straight tubes.
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However, a significant DR can be still be achieved with the introduction of: bubbles (9-25%), The authors of the current investigation would like to thank the University of Central 
